To date, studies on the effects of climate change on European vegetation have primarily been conducted at northern or altitudinal boundaries of species ranges. The objective of this study was to determine if and in what manner climate change has affected plant associations in the central European lowland. Using a total of 200 relevés collected in 1976, 1983, 1996 and 2008, and relevant climate data from 1970 to 2008, we attempted to identify the effects of recent climate change on herbaceous species composition in a distinct type of beech forest (Oxali-Fagetum) in North Rhine-Westphalia (Germany). Both temperature and precipitation in the study area increased over the period under investigation. These climatic changes were accompanied by slight shifts in herbaceous species composition, expressed as a temporal break between the fi rst and last two sampling years within ordination plots generated by nonmetric multidimensional scaling. The observed fl oristic changes consisted primarily of changes in the relative distribution of species within the community but did not indicate changes in community composition.
Introduction
The geographic distribution of plant species is mainly controlled by climatic parameters. For this reason, efforts are increasing to identify and predict possible effects of the recent climate change that began more than two decades ago. Numerous species in different taxonomic groups have already responded in a variety of ways to global warming (Walther et al. 2002 , Parmesan & Yohe 2003 , Root et al. 2003 . Climate change models predict further, and in some cases drastic, ecosystem impacts (Thomas et al. 2004 , Thuiller et al. 2005 , Morin et al. 2008 .
To date, the impact of climate change on European fl ora has been reported primarily in terms northward shifts (Walther 2004 , Berger et al. 2007 or shifts to higher elevations of species ranges (Grabherr et al. 1994 , Pauli et al. 2003 , Walther et al. 2005a ). In addition to such shifts in range, climate change is expected to extensively alter ecosystem species composition, potentially leading to the rearrangement of plant associations (Chapin et al. 1993 , Scholes & van Breemen 1997 or to the formation of completely new communities (Huntley 1995 , Williams et al. 2001 .
The qualitative and the quantitative species composition of plant associations refl ect historical, socioeconomic and site-specifi c factors. Therefore, it is important to look for evidence of possible impacts of climate warming on the plant community level as well. A far greater number of factors infl uence plant community than single species; as such, conclusions drawn from analyses of precipitation and temperature impacts on plant communities must be formulated with caution. Nevertheless, these two exogenous factors are frequently identifi ed as the main factors driving ecological change ( The majority of investigations on climate change effects on European fl ora or vegetation have been conducted at the northern or altitudinal borders of species or community ranges. Here, we compare 200 relevés (quasi-permanent plots) of a certain type of beech forest (Oxali-Fagetum) collected in 1976 , 1983 , 1996 and 2008 , against temperature and precipitation data over the same period to determine if climate change signals are already detectable in the species composition of a typical central European lowland association of potential natural vegetation.
Material and methods
The study was conducted in the Westphalian Basin (North Rhine Westphalia, Germany), which is situated in a transition area between Atlantic and subAtlantic climates. Detailed geographic information of the area has been compiled by Müller-Wille (1966) . Object of research is a distinct beech forest community of potential natural vegetation of the Westphalian Basin (Burrichter 1973), fi rst described by Burrichter & Wittig (1977) as MilioFagetum and later revised to Oxali-Fagetum by Glahn (1981) . Relevés of this community were taken in 1976 (n = 51), 1983 (n = 44), 1996 (n = 51) and 2008 (n = 54) in late July or early August. The area of the
